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Abstract
The epithelial cells of mammalian endometrial tissue have shown to express
insulin receptor (INSR)and insulin-like growth factor-1 (IGF1R) which is used in
the production of glycogen. Glycogen is needed in the uterus to meet the
energy requirements of the blastocyst prior to implantation . Our results show
that treating immortalized mink uterine cells (GMMe)with insulin caused an
increase in the gene expression of INSR, IGF1R, and glycogenic enzymes.
When treated for 48 hours with insulin and S961 or insulin and Picro
Podophyllotoxin (PPP), which serves as an INSR blocker or IGF1R blocker
respectively,there was decreasedexpressionof the receptors when compared
to the control treatment. There was also a decrease in glycogenic enzyme
expression levels when compared to the control treatment. Finally, when
treated with insulin and both blockers, there was once again a decrease in
gene expressionwhen compared to control-treated cells.
In a prior experiment, GMMe cells were treated with insulin at different
concentrations,the results showedthat gene expressionof receptors increased
with increasing insulin concentration.
These two experiments have supported that insulin may play a role in the
regulation of uterine glycogenicreceptors and enzymes.

Background Information
In the American Mink (Neovison Vison), the endometrial epithelium
undergoes significant change over the course of a reproductive cycle in
anticipation of a potential pregnancy. This change is instigated and
maintained by endocrine hormones, one of which is insulin. Insulin binds
with various receptors such as insulin receptor (INSR),Insulin-like growth
factor 1 receptor (IGF1R), and insulin-like growth factor 2 receptor (IGF2R).
The insulin pathway includes multiple endogenous enzymes involved in
glycogenesis and glycogenolysis. These factors are hexokinase (HK1),
glycogen synthase (GYS), glucose-6-phosphatase (G6P), glycogen
phosphorylase (PYGM). Glycogen synthesis and accumulation is a crucial
aspect to embryonic development as it allows for the blastocyst to be
nutritionally satisfied by histotroph until placentation is complete and
nutrients can be provided by way of the umbilicus. Understanding this
pathway can be done by blocking various receptors and endogenous
enzymes, which can be used to further understand the pathophysiology of
diseasesthat interferes with this process.

Objectives
1. To determine the effects of the insulin receptor pathway versus the IGF1
receptor pathway in uterine glycogenmetabolism.
2. To determine the effects of insulin receptor antagonist and IGF1 receptor
antagonist on glucose uptake, glycogen synthesis, expression of
glycogenicenzymesand glycogenolyticenzymes.
3. To determine the metabolic effects of inhibiting insulin’s actions
proximally vs distally.
4. To determine protein expression of glycogenic enzymes, glycogenolytic
enzymesand glucosetransporters in GMMecells.

Methodology

Results

Figure 2: Schematic of methods. Immortalized mink uterine (GMMe) cells were grown and fed in 5mM
glucose with the solution containing 5% fetal bovine serum (FBS) and 1% Pen/Strep in the media. All flasks
were treated with 5mM glucose with 1% Pen/Strep media. These steps were repeated with insulin
experiment with insulin at 5, 15, and 50 ng/uL.
List of Primers
Insulin Receptor (INSR):
F: 5’-CTT GAT GTG GCA GGA GCC GAA G-3’
R: 5’-GGA CTC GCA CGC TGT AAT TCC C-3’
Insulin-Like Growth Factor 2 Receptor (IGF2R):
F: 5’-GTA GTC CTC CAC TCG AAG TA-3’
R: 5’-GGA ATT CAA CAC CAC AGA GA-3’
Hexokinase (HK):
F: 5’-AAT GCC AAA GAA ATC CTG ACC CGC-3’
R: 5’-TGG GTG TGC CCT TGT TAT CTC GAA-3’
Glycogen Phosphorylase (PYGM):
F: 5’-GTC AGA ACA GAT CTC CAC TGC TGG-3’
R: 5’-GTC TTT GAA GAG GTC TGG CTG ATT GG-3’

Fig. 4: Relative (Mean plus or minus Standard Error) mRNA expression of insulin receptor (INSR), Insulin-like
growth factor 2 receptor (IGF2R), hexokinase (HK), and Glycogen Phosphorylase (PYGM) in immortalized mink
uterine cells (GMMe) collected with qPCR. The cells were treated with insulin at 10 ng/uL concentration, S961 at
10 ng/uL, and picropodophyllotoxin (PPP) at 1 ug/uL concentration in 5nM glucose media.

Glyceraldehyde 3-Phosphate Dehydrogenase (GAPDH)
F: 5’-GTT GAA GTC GCA GGA GAC AA-3’
R: 5’-GAG AAG TAT GAC AAC TCC CTC AAG-3’

Visualization

Fig. 5a: Standard curve of the endogenous control gene, GAPDH, used to compare the relative gene expression
for the target gene (Top-left). Standard curve of the target gene, IGF2R (Bottom-left)
Fig. 5b Melt Curves of the endogenous control, GAPDH, and target gene, IGF2R. Used to verify that the qPCR
process occurred successfully and amplified the correct genes (Right).

Discussion

Fig. 3: Insulin receptor (INSR), insulin-like growth factor 1 receptor, and insulin-like growth factor 2 receptor pathways
for metabolic and proliferative activities

● Gene expression results consistently showed a decrease in expression of insulin
receptor, IGF2 receptor, hexokinase and glycogen phosphorylase. These results
are inconsistent with our previous findings. Physiologically, it would seem that
under all treatment conditions, insulin causes a downregulation of receptors and
enzymes. However, we believe that these results may be erroneous due to factors
such as degraded DNA, wrong primer concentration or many other factors. We are
currently troubleshooting to determine where our results may have faltered.
● In addition to this, some of the melt curves we obtained indicated possible
amplification of multiple PCR products.

Conclusion and Future Research
Currently we are figuring out why the results came back with such a strong
expression of all genes in the biological control samples. We are looking at
the endogenous control primer (GAPDH), the sample cDNA concentration,
and the master mix.
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